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(54) BONDING GOLD ALLOY THIN WIRE 

(57)Abstract: 

PURPOSE: To provide a gold bonding wire increased in breaking strength and with the loop 
capable of being made higher than the conventional alloy wires. 
CONSTITUTION: (1) A gold alloy thin wire contains, by weight, 0.05-0.2ppm of boron, 1- 
20ppm of beryllium and the balance high-purity gold (>99.995% purity) with inevitable 
impurities. (2) A bonding gold alloy thin wire contains the component (1) and 1-15ppm of one 
or >2 kinds among calcium, yttrium and serium, and (3) a bonding gold alloy thin wire contains 
the component (2), 2-50ppm of indium and the balance gold with inevitable impurities. 
Consequently, the same loop height and bonding strength as before can be secured. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] high grade gold (99.995% or more of purity) - weight ppm ****** - boron - 0.05-0.2 ppm 
and beryllium — less than one to 20ppm the bonding which is made to contain by within the limits and 
consists the remainder of a golden unescapable impurity — public funds — alloy thin line. 
[Claim 2] the component of claim 1 - one sort of calcium, an yttrium, a lanthanum, and a cerium, or two 
sorts or more - weight - carrying out - 1-15 ppm the bonding which contains in the range of the 
following and consists the remainder of an unescapable impurity of gold and gold - public funds - 
alloy thin line. 

[Claim 3] the component of claim 2 - as weight - an indium - 1-50 ppm the bonding which contains 
and consists the remainder of an unescapable impurity of gold and gold - public funds - alloy thin line. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the gold alloy thin line which thinning of the use wire 
size by high-intensity-izing of a gold alloy thin line is attained [ thin line ] in more detail, and makes the 
same bonding strength as the former maintain in spite of thinning about the gold alloy thin line which is 
excellent in the thermal resistance used in order to connect the electrode on a semiconductor device, and 
an external lead. 
[0002] 

[Description of the Prior Art] Conventionally, as a bonding line which connects between the electrode 
on a semiconductor device, and external leads, the gold alloy thin line is mainly used. As a technique 
which carries out bonding of the gold alloy thin line, thermocompression bonding is the typical 
approach. After the electrode of a semiconductor device heated within the limits of 150-300 degrees C 
after carrying out heating fusion of the part for the point of a gold alloy thin line with the electric flame 
off and making a ball form with surface tension carries out sticking-by-pressure junction of this ball 
section in thermocompression bonding, it is an approach of making connection by the side of an external 
lead by ultrasonic sticking-by-pressure junction further. 

[0003] In recent years, the number of electrodes on a semiconductor device is increasing with 
improvement in the degree of integration of a semiconductor device. For this reason, the present 
condition is corresponding by what it corresponds by the formation of a short pitch of inter-electrode 
distance, and the miniaturization of the diameter of a ball of ball bonding, or the gold alloy line for 
connection is made longer than before for (the so-called formation of a long span), for this reason — 
being alike - bonding — public funds - thinning of a line is effective in the formation of a short pitch of 
inter-electrode distance, and the miniaturization of the diameter of a ball, and can plan cost reduction by 
carrying out thinning more to the formation of a long span. 

[0004] However, in the conventional gold alloy thin line, by thinning, when the fall of a mechanical 
property, especially breaking strength arises inevitably If not cautious of handling in case a bonder is 
equipped with a gold alloy thin line, it will disconnect easily, Or the thing which becomes easy to 
disconnect in vibration by the conveyance after bonding etc., It has the inclination for the bonding 
strength after thermocompression bonding to originate in that there is little crystal grain per wire size, 
and to fall by thinning, Originate in addition of the element which raises breaking strength, and loop- 
formation height becomes low. From making the percent defective of the semiconductor device by 
generating of the short circuit by the contact to the ridgeline of a semiconductor device, and a gold alloy 
thin line, or contact to an island and a gold alloy thin line increase etc. In the conventional gold alloy 
thin line, to thinning, correspondence is difficult, therefore a mechanical strength is conventionally 
higher than a gold alloy thin line, and a gold alloy thin line equivalent to the gold alloy line of the 
former [ bonding strength / immediately after heat and pressure ] with high loop-formation height is 
desired. 

[0005] As a conventional gold alloy line for bondings, it is the 1 - 8 weight ppm about beryllium, for 
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example as indicated by JP,53-1 12059,A. The 3-5 weight ppm is included for the added gold alloy thin 
line and the calcium shown in JP,58-1 12060, A, and it is the 5 - 50 weight ppm about germanium. It is 
the 1 - 8 weight ppm about beryllium. There is a golden bonding wire which comes to contain one sort 
or two sorts or more. Moreover, the gold alloy line which becomes JP,58-154242,A which made the 
mechanical strength higher than before from rare earth elements, such as a lanthanum and a cerium, 
calcium and germanium, and beryllium like a publication is invented. 

[0006] However, in the example of these gold alloy thin lines, although it is the breaking strength of 10- 
12gf in the diameter of 25 micrometer The breaking strength in the diameter of 20 micrometer falls with 
6-7gf with reduction in the cross section. As a result of the recrystallization field at the time of ball 
formation becoming narrow according to increase of the amount of heat leakage accompanying the 
bonding strength after bonding, and increase of specific surface area, there are problems, such as 
increase of the percent defective of the semiconductor device by the above-mentioned short circuit, 
generating of an oscillating open circuit, etc. and a fall of dependability, from loop-formation height 
falling, the bonding in which a mechanical property equivalent to the conventional gold alloy thin line is 
acquired even if it carries out thinning, and the bonding strength after thermocompression bonding has 
the high high-reliability of loop-formation height equivalent to the conventional gold alloy thin line and 
-- public funds - it is wished from the enterprise field to which an alloy thin line relates. 
[0007] 

[Problem(s) to be Solved by the Invention] this invention person etc. — such bondings of the versatility 
by which the conventional proposal was made - public funds - as a result of examining an alloy thin 
line, the breaking strength of a gold alloy thin line in 5-6 or less gves Since sufficient cautions for 
handling of installation of the gold alloy thin line to a bonder etc. are required and handling equivalent 
to the conventional gold alloy thin line becomes difficult, as breaking strength that at least 6 or more 
gves are desirable and the conventional bonding - public funds ~ in an alloy thin line If the alloying 
element which raises a mechanical strength for thinning (less than 25 micrometers) is made to increase, 
as a result of the recrystallization field at the time of ball formation becoming [ the height of the loop 
formation after bonding ] low by the above-mentioned reason moreover in short **** ? the inclination for 
pull reinforcement to also fall was accepted. Moreover, by addition of too much alloy element, the 
degree of hardness of that oxidization of an alloying element generates an oxide layer on a ball front 
face, junction sufficient at the time of thermocompression bonding with an electrode becomes 
impossible, and bonding strength falls and the ball section increases at the time of ball formation, the 
reduction of area falls to it at the time of sticking by pressure, and the fall of share reinforcement, or 
when excessive, a semiconductor device may be damaged. Furthermore, it became clear that the fault to 
which a shrinkage cavity becomes easy to be made at the tip of a ball, and the bonding strength after 
thermocompression bonding falls to it by reduction of a plane-of-composition product arose. 
[0008] 

[Means for Solving the Problem] this invention person etc. was making beryllium and the boron of a 
**** minute amount add, raised mechanical characteristics, especially breaking strength remarkably, 
and made the recrystallization field at the time of ball formation expand, as a result of studying many 
things for the elucidation of the trouble mentioned above, and it found out that there was effectiveness 
which makes loop-formation height higher. Although the proposal of JP,59-65440,A was already known 
about the gold alloy thin line which added boron, it is an addition below a boron content given [ this ] in 
an official report, and found out that there was more sufficient effectiveness by making it coexist with 
the element of beryllium and other second group, and the third group, moreover - even if it carries out 
thinning - sufficient reinforcement — having - the reinforcement of the ball neck section — high ~ and 
the variation — few - the fine bonding of **** of the ball neck section — public funds — the bonding 
which suited thinning by controlling the content of boron within the limits of a minute amount 
extremely especially obtaining an alloy thin line — public funds - the alloy thin line could be 
manufactured easily industrially and it discovered that many above-mentioned troubles were cancelable. 

[0009] That is, this invention makes the following configurations a summary based on the above- 
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mentioned knowledge. 

(1) high grade gold (99.995% or more of purity) - weight ppm ****** - boron - 0.05-0.2 ppm and 
beryllium ~ 1-20 ppm the bonding which is made to contain within the limits of the following, and 
consists the remainder of a golden unescapable impurity - public funds — alloy thin line. 

(2) the component of the above (1) — one sort of calcium, an yttrium, a lanthanum, and a cerium, or two 
sorts or more ~ weight — carrying out — 1-15 ppm the bonding which contains in the range of the 
following and consists the remainder of an unescapable impurity of gold and gold — public funds — 
alloy thin line. 

(3) the component of the above (2) — as weight - an indium — 1-50 ppm the bonding which contains 
and consists the remainder of an unescapable impurity of gold and gold — public funds — alloy thin line. 
[0010] Hereafter, the configuration of this invention is explained further. As for the high grade gold used 
by this invention, purity contains at least 99.995% of the weight or more of gold, and the remainder 
consists of an unescapable impurity. When purity is less than 99.995 % of the weight, it is influenced of 
the impurity to contain. Especially, in comparatively few gold alloy thin lines for high loop formations 
of an addition, effectiveness in the content of this invention cannot fully demonstrate. 

[001 1] As for boron, whenever [ to Kanenaka / dissolution ] is small, and it is known that effectiveness 
is in improvement in a mechanical strength. The boron content of Kanenaka known conventionally is 
the 1 weight ppm. The boron content optimal [ although it is above ] when adding two or more elements 
and this invention person etc. makes it coexist especially with beryllium for a gold alloy thin line is the 
0.2 weight ppm. It found out that it was in the minute amount field of the following. That is, a boron 
content is the 0.2 weight ppm. Above, the degree of hardness of the ball section becomes high, and there 
is little plastic deformation irreversible deformation of a ball at the time of sticking by pressure with the 
electrode on a semiconductor device, and are hard coming to obtain sufficient bonding strength at it, a 
detailed crack is produced in a semiconductor device, and also it has the fault which cannot become a 
true ball easily due to the effect of other coexistence elements at the time of golden ball formation. The 
problem when not becoming a true ball is a loop formation's bending at the time of bonding, and 
spoiling linearity, when there is no gold alloy thin line in that some golden balls deformed plastically 
when a ball was crushed by the capillary tube may start a flash and an inter-electrode short circuit from 
an electrode when the electrode surface product on a semiconductor device is made small, and a ball 
core. On the other hand, 0.05 weight ppm In the following, as a result of Kanenaka' s boron distribution 
becoming an ununiformity, also within the same gold alloy thin line, the variation in a mechanical 
strength is produced locally and it comes to produce defects, such as increase of the increment in the 
variation in loop-formation height, and the variation of bonding strength, as a result. Therefore, it is the 
0.05 weight ppm about a boron content. It is the 0.2 weight ppm above. It considered as the range. 
[0012] The amount of beryllium made to live together is the 1 weight ppm. In the following, the 
compound addition effectiveness is inadequate, and breaking strength does not become high. On the 
other hand, the amount of beryllium is the 20 weight ppm. 20 weight ppm if it exceeds, since diffusion 
with the aluminum electrode on a semiconductor device and a gold alloy thin line will become an 
ununiformity, it will become easy to generate the so-called KAKEN dull void and junction 
dependability will be reduced as a result It considered as the following, the desirable range which 
acquires high intensity and a high loop formation - a boron content - the 0.07 - 0. 1 weight ppm and 
beryllium - 6 - 12 weight ppm it is . 

[0013] The addition purpose of the second group element is to make big and rough-ization of the crystal 
grain of the gold alloy thin line by the thermal effect at the time of ball formation prevent, and raise 
[ raise a mechanical strength further, ] the reinforcement of the ball neck section rather than the gold 
alloy thin line which consists of boron and beryllium. The effectiveness that calcium raises the thermal 
resistance of a gold alloy line like JP,53- 105968, A, and the effectiveness of raising a mechanical 
strength are known. When boron and beryllium were made to contain within the limits of the above- 
mentioned, it found out that there was effectiveness which raises more nearly further improvement in the 
mechanical strength by independent addition of calcium, however, a calcium content — 15 weight ppm 
the upper limit of the content of calcium if it is made to exceed and add, since a shrinkage cavity will be 
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formed in a ball point, and a ball will not become a true ball but the bonding strength after ball bonding 
will fall — 15 weight ppm ** — it carried out. The content of calcium is the 1 weight ppm. When it is the 
following, the common effectiveness of boron, beryllium, and calcium is unstable, and the compound 
effectiveness of raising a mechanical strength is not enough, either, therefore, the content of calcium - 1 
weight ppm from — 15 weight ppm ** — it carried out. 

[0014] The lanthanum, the cerium, and the yttrium were elements which have the effectiveness of the 
same inclination as calcium, as it was in the Germany JP,1608161,B specification, and as a result of 
studying the compound addition effectiveness of boron and beryllium, they found out that there was the 
same effectiveness as calcium. Any element is the 1 weight ppm. In the following, sufficient mechanical 
strength by the compound addition effectiveness of boron and beryllium is not obtained, but the 
variation in the reinforcement within a gold alloy thin line becomes size, on the other hand, 15 weight 
ppm the upper limit of a content if it is made to exceed and add, since a ball will not become a true ball, 
but a shrinkage cavity will be formed in a ball point and the bonding strength after ball bonding falls - 
15 weight ppm ** — it carried out. Also when two or more two or more sorts of calcium, a lanthanum, a 
cerium, and an yttrium are added in boron and beryllium, it is the 1 weight ppm. In the following The 
addition effectiveness is small, the variation in the reinforcement within a gold alloy thin line becomes 
size, and it is the 15 weight ppm. Since a ball will not become a true ball but a shrinkage cavity will be 
formed in a ball point if it is made to exceed and add It is the 15 weight ppm about the upper limit of a 
content since the bonding strength after ball bonding falls. It carried out. the desirable range which 
acquires high intensity and a high loop formation - 2 - 5 weight ppm it is . 

[0015] As it is in JP, 63 -145 729, A, the effectiveness which makes loop-formation height high is accepted 
by the indium of the third group. In order to make a loop formation high more, it was made to contain 
from loop-formation height becoming low rather than the case of boron and beryllium, when the above- 
mentioned calcium, a lanthanum, a cerium, and an yttrium are added in boron and beryllium, however, 
an indium content — 1 weight ppm the effectiveness which makes a loop formation high in the following 
— small — 50 weight ppm a content if it exceeds, since ball neck reinforcement will fall — 1-50 weight 
ppm ** - it carried out. In addition, the desirable content range of an indium is the 10 - 30 weight ppm 
as a result of an experiment. It was the range. 
[0016] 

[Example] Hereafter, an example is explained. Golden purity carried out dissolution casting of the 
hardener containing each above-mentioned alloying element with the RF vacuum melting furnace 
according to the individual using 99.995% of the weight or more of electrolysis gold, and ingoted the 
hardener. The specified quantity and golden purity of a hardener of each alloying element which were 
obtained thus, with 99.995% of the weight or more of electrolysis gold After carrying out dissolution 
casting of the gold alloy of the chemical entity shown in Table 1 with a RF vacuum melting furnace and 
rolling out the ingot, wire drawing is performed in ordinary temperature. After having added the 
intermediate-annealing process of a gold alloy thin line if needed, continuing wire drawing further and 
using the last wire size as the gold alloy thin line of 20 micrometerphi, it adjusted so that continuous 
annealing might be carried out in an atmospheric-air ambient atmosphere and the elongation value of a 
gold alloy thin line might become about 4%. 

[0017] About the obtained gold alloy thin line, the result of having investigated ball shape and bonding 
strength in ordinary temperature tensile strength and loop -formation height was written together to Table 
1. After loop -formation height joined between the electrode on a semiconductor device, and external 
leads using the high-speed automatic bonder, it measured the top quantity of each loop formation 
formed, and 100 electrode surfaces of the semiconductor device concerned with the optical microscope, 
and admonished the difference of the both distance loop-formation quantity. The high-speed automatic 
bonder was used for ball shape, and it observed the gold alloy ball obtained by the arc discharge by the 
electric flame off with the scanning electron microscope, evaluated the thing unjoinable to the electrode 
on semiconductor devices, such as what an oxide with too much ball shape on an unusual thing and a 
ball front face produces, in a good configuration by x mark, and evaluated the good thing by O mark. 
After bonding strength fixed the leadframe and the semiconductor device to measure with the fixture 
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after high-speed automatic bonding, the pull reinforcement which measured tension and 100 tensile 
strength at the time of the thin line fracture for the center section of the gold alloy thin line after 
bonding, and its variation estimated it. Moreover, shear fracture of the golden ball which was made to 
move a fixture to a semiconductor device and parallel, and was joined to them from the electrode of the 
semiconductor device similarly fixed in the location detached 3 microns upwards was carried out, and it 
judged by the result of having searched for the share reinforcement which measured 100 maximum 
loads at the time of exfoliation, and its variation. 

[0018] When a wire size was changed into Table 2 for the evaluation result of the gold alloy thin line 
which Table 1 manufactured by this constituent of the same component, Table 3 showed the evaluation 
result of the gold alloy thin line containing the addition which separates from this constituent. Moreover, 
the purity of raw material gold showed the result of having investigated the effect of less than 99.995% 
of the case especially in the table 4. 

[0019] In Table 1 and Table 3 in the comparison of the almost same pull reinforcement of the gold alloy 
line of loop-formation height The variation in the loop-formation height of Table 1 is smaller than Table 
3, or each pull reinforcement of Table 1 in a result also with the variation it is larger than the value of 
Table 3, and small Or the result to which share reinforcement and its variation are small is obtained, and 
a result with the component of this invention more sufficient [ the flume gap judged synthetically ] is 
brought. Moreover, when the range of this invention is exceeded and the superfluous amount of alloy 
elements is added, ball shape is not all normal, and share reinforcement falls, and the variation is also 
large. 

[0020] In the case of a gold alloy thin line [ 25-micrometer ], if there is 50g or more of share 
reinforcement by the average, it is usually supposed that it is satisfactory of reinforcement. In the result 
of having made the trial calculation of the share reinforcement of a 20-micrometer gold alloy thin line, it 
becomes the value of about 30g from the configuration after bonding, although the value of 30g or more 
is all satisfied in the case of Table 1 - the case of Table 3 - the case of 30g or less - many - it is - 
bonding - public funds -- as an alloy thin line, it is inadequate. 

[0021] Although each forms the normal ball of the component in the generic claim of Table 1 by 
evaluation of ball shape, what becomes a ball with an unusual shrinkage cavity etc. exists in a ball point 
in the example of a comparison of Table 3. 

[0022] As mentioned above, when separating from the upper limit of this constituent, loop-formation 
height is low, and the bonding strength of pull reinforcement and share reinforcement is inadequate, and 
it is distinct that the variation also reduces the dependability of a semiconductor device as a result 
greatly. Moreover, although a mechanical strength falls and loop-formation height can be held when it 
separates from the minimum of the configuration of this invention, the variation is large, variation in 
pull reinforcement is enlarged as a result, and also the variation in share reinforcement becomes size. In 
addition, the same result is shown also when it is the table 4 where the purity of raw material gold is 
low. 
[0023] 
[Table 1] 
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[Effect of the Invention] The gold alloy thin line of this invention has an enough mechanical strength, 
the variation is [ the loop-formation height after bonding is high, ] small, and bonding strength is also 
high, and the normal and stabilized bonding is [ the variation is small and ] possible also for each ball 
shape, and since at least 18-30 micrometers of same effectiveness were acquired in the wire size, it has a 
useful property on industry. 
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